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Abstract No data or recommendations are available on feasibility of surface dis-
infection of blood bags, but some circumstances can make such procedures inevi-
table. Impact of immersion of blood bags in 70% ethanol for 30 min was
investigated with respect to alcohol penetration and changes of hemolysis para-
meters in the product, and bag material changes influencing material stability
and composition. After immersion ethanol concentration in blood bags was below
detection limit. Hemolysis parameters did not differ between blood products that
had been exposed to ethanol and a control group. Inner surface of the bag material
was unchanged according to our infrared spectrometry results. Also endurance test-
ing showed no altered results. We conclude that immersion of blood bags in 70%
ethanol for surface disinfection is a safe procedure for the quality of the blood
product and the bag material.
ª 2005 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.Introduction
Bacterial colonization of packed red blood cell
(PRBC) bags’ outer surface and connection ports in
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doi:10.1016/j.ijsu.2005.08.007particular potentiates introduction of germs into
clean areas like operation rooms or transplantation
units, but also makes introduction of infectious
agents into the transfusion line and consecutively
into patients’ circulation possible. Neither do
suppliers give any recommendations, nor are re-
ports available on feasibility of surface disinfec-
tion procedures for PRBC.
Disinfectants are substances that reliably re-
move or inactivate pathogens during specifiedlished by Elsevier Ltd. All rights reserved.
Surface disinfection of PRBC 119residence time. The activity of germicides against
microorganisms depends on a number of factors,
some of which are intrinsic qualities of the micro-
organism, whereas others depend on the chemical
and external physical environment.
In the healthcare setting, ‘‘alcohol’’ refers to
two water-soluble chemical compounds whose
germicidal characteristics are generally under-
rated: ethyl alcohol and isopropyl alcohol. These
alcohols are rapidly bactericidal rather than bac-
teriostatic against vegetative forms of bacteria;
they are also tuberculocidal, fungicidal, and viru-
cidal but do not destroy bacterial spores. Their
cidal activity drops sharply when diluted below
50% concentration, and the optimum bactericidal
concentration is in the range of 60e90% solutions
in water.1,2
But besides these properties, active agents in
disinfectants, in the special also alcohols, are
solvents for several synthetic materials, possibly
also for blood bag materials. This could lead to
leakage and destruction of the bag or to formation
of invisible hairline cracks that would allow patho-
gens to enter the blood product. One more fact to
be considered is the composition of blood bag
material to allow gas exchange during storage of
blood products, namely oxygen to diffuse into, and
carbon dioxide to diffuse out of it. Consequently,
diffusion of volatile disinfectants into the blood
product cannot be excluded.
To investigate the feasibility of surface disin-
fection of PRBC with 70% ethanol, we tested
penetration of ethanol through the blood bag,
changes in hemolysis parameters during 24 h after
disinfection, and bag material changes with re-
spect to material stability and molecular
structure.
Materials and methods
Blood bag material and disinfection
procedures
For this investigation we used PVC blood bags
produced by Gera¨tezentrale fu¨r Bluttransfusion
des O¨sterreichischen Roten Kreuzes GmbH, Eugen-
dorf, Austria. Bag material complied with European
Pharmacopoeia requirements3 and USP,4 also did
labels. Eleven units of PRBC were split into two
equal volumes; one part was immersed in a tray
filled with 70% ethanol at room temperature (96%
ethanol, denatured with 5% methanol and diluted
with distilled water to 70%) for 30 min, the second
part was kept at room temperature for the same
time. Samples to determine ethanol and hemolysisparameters were drawn before and 24 h after im-
mersion in ethanol.
Chemical laboratory tests on samples
from PRBC
Ethanol, potassium, free hemoglobin and LDH
were determined with routine laboratory methods;
limit of detection of ethanol was 0.01%.
Infrared spectrometry of blood
bag material
To determine possible changes of blood bag mate-
rial composition, attenuated total reflectance
(ATR) infrared spectrometry was performed with
Bio-Rad FTS-135 IR-Spectrophotometer.
Stress tests of blood bag material
Endurance tests were performed according to
Pharm. Eur. 3.2.3 and DIN ISO 3826 (5.2.7e5.2.9).
The tests included resistance against centrifuga-
tion, leak proof, label adhesion and influence on
printing quality. Seven units of filled bags were
immersed in 70% ethanol for 30 min and tested after
7 and 42 days, respectively, in comparison with
untreated units. Two different types of labels (PE
and PVC) with two different types of adhesives,
compliant with European and FDA legislation,
have been treated in the same way, but have
been tested immediately after immersion, too,
with respect to label adhesion and influence on
printing quality.
For centrifugation tests each seven sample bags
(after immersion in alcohol or not immersed for
the control group) were filled with stabilizing
solution and tap water (room temperature) and
the tubes were sealed air-free. The bags were put
in the centrifuge and spinned at 21e23 C for
30 min at 3880 rpm (equiv. 5000! g). After centri-
fugation the bags are visually inspected for defor-
mation; then a leak test was performed on the
testing machine with an over-pressure of appr.
1.25 bar inside the bags. During this test, the
bags did not show any liquid outflow for a period
of 2 min at the defined pressure level. For testing
label adhesion, labels were visually controlled for
stability of shape (melt-down, blistering) and e
by pulling it off manually e for adhesive power,
as the label may not allow to be removed unless
being at the same time deformed or destroyed.
For testing printing quality, we tested whether
the printing could be wiped off or adheres to
a bag placed upon the label.
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The SAS statistical software system (SAS Institute
Inc., Cary, NC, USA) was used for the statistical
calculations. Data were described by median
values and ranges between minimum and maxi-
mum values. The commonly used equivalence
limits of 0.8 and 1.25 were used for equivalence
testing of ratios. Equivalence was attained if the
95% confidence intervals (95% CIs) of the geometric
means of the hemolysis parameter ratios between
ethanol and control bags were within the equiva-
lence limits. The geometric means and their
corresponding 95% CIs were obtained by trans-
forming the hemolysis parameter values to a loga-
rithmic scale, subsequently calculating mean
differences and 95% CIs within a linear mixed
model, and back-transforming the results to the
original scale. The employed linear mixed model
(PROC MIXED of SAS) allowed adjusting for effects
for the baseline values and the flexible unstruc-
tured modelling of the correlations between the
three hemolysis parameters. This approach has
been chosen in order to overcome potential bi-
asing effect of two missing values of free hemo-
globin which have been incapable of measurement
and which are related with elevated LDH levels.
Results
Ethanol and hemolysis parameters in PRBC
A total of 11 blood bags were studied. No ethanol
could be detected in PRBC after immersion in
ethanol for 30 min.
Potassium changed from baseline values of
36.4 mmol/l (median; range 28.7e49.3) to
38.4 mmol/l (27.9e52.0) in bags immersed in 70%
ethanol, and to 38.1 mmol/l (27.8e54.7) in control
bags. The geometric mean of the ratios between
potassium in bags immersed in ethanol and the
control bags was 0.967 (95% CI 0.932e1.004).
Free hemoglobin changed from baseline values
of 53.3 mg/dl (median; range 33.5e137.2) to
47.2 mg/dl (29.9e141.7) in bags immersed in etha-
nol, and to 48.4 mg/dl (32.1e145.2) in control
bags. Two values for free hemoglobin could not
be evaluated as the base values already were
above the limit of detection (750 mg/dl). The geo-
metric mean of the ratios between free hemoglo-
bin in bags immersed in ethanol and the control
bags was 0.988 (95% CI 0.904e1.079).
Median LDH values stayed unchanged at values
of 149 U/l (range 61e1074 prior to and 62e1189
after immersion) in ethanol, and were 138 U/l(65e1030) in control bags. The geometric mean
of the ratios between LDH in bags immersed in eth-
anol and the control bags was 0.995 (95% CI 0.940e
1.052).
Graphs of original values are shown in Fig. 1.
Infrared spectrometry of blood
bag material
Infrared spectrometry did not show any alterations
of inner bag surface composition after exposure to
ethanol (Fig. 2). In contrast, exposure of the bags
to acetone, performed as a positive control,
showed remarkable changes of inner bag surface
composition (data not shown).
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Figure 1 Hemolysis parameters in PRBC before and
after immersion in alcohol and compared to a control
group not immersed in alcohol. Values relating to the
same original bag are connected in the graphs.
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Stress test did not show any alterations of blood
bag material, label adhesion or printing quality in
comparison with untreated units.
Discussion
Aim of this study was to investigate possible
affection of blood bag material and influence of
alcohol surface disinfection to the quality of PRBC.
The laboratory method used for ethanol mea-
surement in our investigation could not detect
ethanol in the PRBC, but this method had a de-
tection limit of 0.01&, according to 4 mL ethanol
in a 400-mL PRBC unit. Thus, if alcohol penetrates
into the blood bags, it happens in negligible vol-
umes. Toxic effects of an ethanol volume in PRBC
of less than 4 mL to a recipient are most unlikely,
especially as this concentration would further be
diluted during transfusion.
We further did not detect differences in hemo-
lysis parameters between blood bags immersed in
70% ethanol and the control group. We find that
the calculated 95% confidence intervals for the
geometric means of the ratios between ethanol
and control group fall within the typically used
equivalence limits of 0.80 and 1.25. It has been
evident for thousands of years that ethanol does
not cause hemolysis in humans; the motive to
investigate hemolysis parameters in PRBC in con-
nection with exposure to ethanol was the specu-
lation that ethanol would release substances from
blood bag materials that could affect red cells and
their function. This assumption was not proven
true in our investigation.
Figure 2 Infrared spectrometry of blood bag inner sur-
face. No differences can be seen between the blood bag
that had been immersed in alcohol and the bag that had
not been immersed and analyzed for control.Infrared spectrometry of blood bag inner sur-
face revealed no alterations caused by exposure of
the bag to ethanol. Thus, it is not likely that
substances have been resolved from the bag
material.
Stress tests of blood bags did not show any
alterations after immersion in ethanol. This corre-
lates with infrared spectrometry data and the
assumption, that no substances have been re-
solved from the bag material. The adhesion of
standard blood bag labels (two different types) as
well as printing quality has not been affected in
a negative way.
For routine disinfection of small surfaces, 70%
ethanol is recommended. To achieve a germ-
reduction of log 5, a minimum contact time of 30 s
is required, however, for effective and safe results,
1 min of contact is recommended. Because the aim
of this study was to assess the diffusion of alcohol
into blood bags, we conducted our laboratory
based experiments with a contact time of 30 min,
although this time is never reached in daily
routine.5
We conclude that immersion of blood bags in
70% ethanol for surface disinfection is a safe pro-
cedure for the quality of the blood product and the
bag material. Reduction of infection rates by
disinfection of blood bags prior to introduction
into clean rooms or transfusion to immuno-
compromized patients should be investigated in
large controlled studies.
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